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A  General-Purpose  Garden  Pesticide 


C.  K.  DORSEY  and  M.  E.  GALLEGLY 

IN  recent  years  numerous  new  insecticides  and  fungicides  have  been 
developed  and  many  have  been  recommended  for  use  in  the  home 
garden.  These  vary  considerably  in  their  effectiveness  in  the  control 
of  different  pests.  For  example,  rotenone  is  effective  in  controlling  the 
Mexican  bean  beetle  and  the  potato  flea  beetle,  but  is  ineffective  against 
the  potato  leafhopper.  DDT  is  effective  in  controlling  the  leafhopper 
and  the  potato  flea  bettle,  but  is  of  little  value  in  controlling  the  bean 
beetle.  Similar  differences  in  fungicidal  control  of  plant  diseases  would 
make  it  necessary  for  the  home  gardener  to  use  many  insecticides  and 
fungicides  if  he  uses  the  most  effective  material  for  each  of  the  pests 
likely  to  attack  his  garden  crops.  Moreover,  the  average  gardener  is  not 
sufficiently  well  informed  on  the  nature  of  various  pests  and  requirements 
for  pest  control  to  enable  him  to  use  all  the  available  materials  effec- 
tively. In  addition  to  the  added  cost  of  many  pesticides,  there  also  is 
the  necessary  nuisance  of  emptying  the  sprayer  or  duster  when  a  different 
material  is  needed  for  some  specific  pest.  Development  and  introduction 
of  new  materials  causes  the  situation  to  become  more  complex,  and 
experience  shows  that  many  gardeners  use  the  wrong  materials  or  apply 
them  at  the  wrong  times  with  disappointing  results. 

This  situation  has  created  a  demand  for  a  single  formulation  of 
insecticides  and  fungicides  that  would  be  reasonably  effective  in  control 
of  most  common  garden  pests.  If  available,  such  a  formulation  would 
greatly  facilitate  control  of  garden  pests.  The  gardener  could  purchase 
a  single  preparation  and  apply  it  to  all  crops  in  his  garden  at  recom- 
mended intervals  with  reasonable  assurance  that  the  most  important 
pests  would  be  controlled.  This  would  greatly  simplify  and  increase 
the  effectiveness  of  garden  pest  control. 

The  principal  objection  to  the  use  of  such  a  formulation  is  that 
there  would  be  an  economic  waste  in  that  some  ingredients  would  be 
used  when  they  were  not  needed  and  that  there  would  be  a  correspond- 
ing increase  in  cost  per  pound  of  the  formulation.  This  is  not  neces- 
sarily true.  Practical  experience  has  shown  there  is  usually  a  comparable 
amount  of  waste  by  misapplication  when  the  different  ingredients  are 
applied  separately   by   the   average   home  gardener,   and   that   there   is 
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usually  more  waste  when  several  different  preparations  are  used.  The 
same  amount  of  active  ingredients  would  cost  less  in  one  formulation 
because  of  the  decreased  cost  of  diluents  and  packaging. 

Another  objection  is  that  all  garden  plants  are  not  equally  tolerant 
to  the  different  insecticides  and  fungicides  and  that  some  plants  might 
be  injured  by  a  general-purpose  formulation.  It  is  believed  that  this 
objection  has  been  over-emphasized,  because  during  several  years  of 
experimentation  in  West  Virginia  no  appreciable  plant  injury  has  been 
observed  except  in  a  few  cases  when  copper  was  applied  too  heavily. 

In  view  of  this  need  for  a  general-purpose  pesticide  formulation, 
the  West  Virginia  University  Agricultural  Experiment  Station  began 
experiments  in  1947  with  the  materials  then  available.  On  the  basis 
of  a  single  year's  experiment,  in  which  representative  garden  crops  were 
vised,  a  multiple-purpose  dust  containing  copper,  rotenone,  and  DDT 
was  recommended  (4).  It  was  recognized  at  that  time  that  discovery  of 
new  insecticides  and  fungicides  would  require  further  experiments  to 
determine  the  most  satisfactory  formulation. 

With  the  appearance  of  zineb  as  a  promising  substitute  for  copper, 
and  methoxychlor  and  lindane  as  insecticides  more  versatile  than  DDT, 
further  experiments  seemed  desirable.  In  1950  another  series  of  experi- 
ments was  made  to  compare  various  combinations  of  zineb,  copper,  meth- 
oxychlor, and  lindane  for  the  control  of  representative  types  of  garden 
pests.  On  the  basis  of  these  experiments  (2),  it  was  concluded  that  "A  com- 
pletely satisfactory  'all-purpose'  garden  dust  is  not  yet  practical  because 
of  the  absence  of  a  suitable  aphicide."  A  mixture  of  zineb  and  methoxy- 
chlor was  recommended  as  the  most  satisfactory  formulation,  although 
it  was  recognized  that  this  mixture  did  not  control  bean  beetle  as  well 
as  rotenone.  However,  since  reasonably  good  control  of  this  insect  was 
obtained  when  the  mixture  was  used  properly,  it  was  recommended  as 
the  best  "all-purpose"  formulation  then  available.  This  formulation 
was  widely  used  with  general  satisfaction,  in  spite  of  its  shortcomings. 

In  1952,  when  the  insecticide  malathion  became  available,  additional 
tests  were  initiated  to  develop  an  improved  general-purpose  garden 
pesticide.  Malathion  was  reported  to  have  a  wide  range  of  effectiveness 
against  pests  including  aphids,  Mexican  bean  beetle,  and  mites.  It  was 
desired,  therefore,  to  compare  malathion  with  other  insecticides  in 
several  possible  general-purpose  formulations.  These  tests  were  con 
ducted  with  spray  formulations  in  1952  and  with  both  spray  and  dust 
formulations  in  1953.  Zineb  was  the  only  fungicide  used  in  -the  1952 
experiments,  while  the  newer  fungicides  maneb  and  captan  were 
compared  with  zineb  in  the  1953  tests.  Results  of  the  1952  and  1953 
experiments  are  reported  in  this  bulletin. 


Methods  and  Materials 

The  experimental  gardens  were  planned  so  that  each  plot  contained 
one  row,  30  feet  long,  of  each  of  the  garden  vegetables  used.  There  were 
four  randomized  and  replicated  plots  for  each  spray  or  dust  treatment. 
The  plots  were  separated  by  alleys  nine  and  ten  feet  wide  to  facilitate 
spraying  operations. 

In  1952  vegetables  planted  were  potato,  tomato,  bean,  cucumber, 
and  cabbage.  The  potato  seed  pieces  were  planted  ten  inches  apart; 
tomatoes  were  set  three  feet  apart;  bean  plants  were  spaced  at  six-inch 
intervals;  cucumbers  were  planted  in  hills  three  feet  apart,  and  cabbage 
plants  were  set  eighteen  inches  apart.  Varieties  and  planting  dates  for 
these  vegetables  were:  Katahdin  potato,  May  2;  Stoke's  Cross  $:1 
tomato,  June  4;  Burpee's  Tendergreen  bean,  May  15;  Burpee  Hybrid 
cucumber,  May  15;  and  Jersey  Wakefield  cabbage,  May  2.  To  facilitate 
spraying  operations  and  recording  of  data,  the  vegetables  were  planted 
in  rows  six  feet  apart,  from  left  to  right  in  the  order  given  above. 

In  1953  the  experiments  included  nine  vegetable  crops.  Each  plot 
contained  twelve  rows,  three  feet  apart.  The  rows  of  tomatoes  and  cucum- 
bers were  planted  so  that  there  were  vacant  rows  paralleling  each  side; 
the  sweet  corn  was  planted  in  double  rows.  The  other  crops  were  planted 
in  single  rows,  three  feet  apart.  The  distance  between  plants  in  the 
row  were  the  same  as  in  1952  for  potato,  tomato,  green  bean,  cucumber, 
and  cabbage.  Six-weeks  old  head  lettuce  plants  were  set  eighteen  inches 
apart;  onion  sets  were  planted  six  inches  apart;  lima  beans  were  spaced 
at  six  inches,  and  the  sweet  corn  was  thinned  to  approximately  one  foot 
between  plants.  The  Burpee  Big  Boy  hybrid  tomatoes  were  set  in  the 
field  two  weeks  later  than  normal  for  the  Tygart  Valley  area.  Varieties 
and  planting  dates  for  the  crops  used  in  1953  follow:  Pontiac  potato, 
May  1;  Ebenezer  onion,  May  5;  Great  Lakes  head  lettuce,  May  12; 
Marion  Market  cabbage,  May  12;  Fordhook  242  lima  bean,  June  3; 
Golden  Cross  Bantam  sweet  corn,  June  3;  Burpee  Hybrid  cucumber, 
June  3;  Burpee  Big  Boy  tomato,  June  17;  Topcrop  green  bean,  June  3. 

The  experiments  were  carried  out  in  the  Tygart  Valley  near 
Huttonsville,  West  Virginia.  The  1953  plots  were  in  a  different  loca- 
tion from  the  1952  plots,  but  on  the  same  farm.  The  soil,  a  clay  loam, 
was  fertilized  each  year  with  a  5-10-10  mixture  at  the  rate  of  1,400 
pounds  per  acre.    Clean  cultivation  practices  were  followed. 

Fungicides  used  were  zineb  (65%  wettable  powder),  maneb  (70% 
wettable  powder),  and  captan  (50%  wettable  powder).  Insecticides  used 
were  DDT  (25%  and  50%  wettable  powder),  methoxychlor  (50%  wet- 
table powder),  malathion  (25%  wettable  powder),  and  rotenone  (4% 
wettable  powder).     In  1952  the  pesticide  combinations  were  applied  as 
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sprays,  and  in  1953  they  were  applied  both  as  sprays  and  dusts.  Since  the 
1952  experiments  were  designed  to  determine  the  best  combinations  for 
insect  control,  zineb  was  used  in  all  treatments.  In  1953,  however,  all 
three  fungicides  were  used.  The  nature  and  concentration  of  the  different 
insecticide-fungicide  combinations  used  in  the  studies  are  given  in 
Tables  1,  2  and  3.  Since  the  zineb-methoxychlor-malathion  and  zineb- 
DDT-malathion  combinations  gave  the  best  results  in  1952,  they  were 
selected  as  basic  formulations  for  the  1953  experiments. 

The  plots  were  sprayed  or  dusted  at  weekly  intervals  beginning  the 
second  week  in  June  and  continuing  until  the  second  week  in  September. 
The  spray  mixtures  were  applied  at  250  pounds  pressure  at  the  approxi- 
mate average  rate  of  150  gallons  per  acre.  In  1952  the  materials  were 
applied  with  a  single  nozzle  (number  3  disc)  hand  gun,  and  in  1953 
a  three-nozzle  (central  and  two  lateral  nozzles)  single  row  boom-type  gun 
was  used.  The  dust  mixtures  were  applied  with  a  rotary  hand  duster 
at  the  approximate  average  rate  of  40  pounds  per  acre.  Dust  applica- 
tions were  usually  made  during  the  late  afternoon  when  there  was 
little  air  movement. 

Methods  of  insect  population  counts  and  damage  surveys  on  the 
crops  varied  according  to  the  insect  and  host  involved.  For  measuring 
injury  by  the  potato  flea  beetle,  Epitrix  cucumeris  (Harris),  three  ter- 
minal leaflets  from  the  second  leaf  below  the  growing  point  were 
collected  from  ten  different  plants  at  intervals  of  three  feet  along  the 
row.  They  were  transported  to  the  laboratory,  and  the  total  holes  and 
points  of  feeding  were  counted  by  the  use  of  transmitted  light  from  a 
bacterial  colony  counter.  The  results  were  converted  to  the  average 
number  of  holes  per  leaflet.  Two  counts  were  made,  the  first  after  the 
emergence  of  the  first  generation  and  the  second  after  the  emergence 
of  the  second  generation  of  beetles. 

Population  estimates  of  the  potato  leafhopper,  Empoasca  fabae 
(Harris),  were  made  in  1952  by  counting  the  leaves  that  showed  typical 
hopper-burn  injury  on  the  first  five  hills  in  each  replicate.  In  1953  the 
leaflets  collected  for  flea-beetle  injury  counts  were  also  examined  for 
leafhopper  injury.  The  number  of  leaves  showing  typical  leafhopper 
injuries  were  converted  to  percentages. 

The  incidence  of  bacterial  wilt  (Erwinia  tracheiphila)  was  used  as 
an  indication  of  the  abundance  of  striped,  Acalymma  vittata  (Fab.),  and 
spotted,  Diabrotlca  undecimpunctata  howardi  Barb.,  cucumber  beetles. 
The  wilted  plants  were  counted  at  intervals  throughout  the  summer. 
Results  were  then  converted  to  percentages  of  wilted  plants. 

In  1952  population  counts  of  Mexican  bean  beetle,  Epilachna  vari- 
vestis  Mulsant,  were  made  of  both  the  adults  and  larvae.     To  evaluate 


Table   1.  Combinations  and  Concentrations  of   Pesticides   Used 
in  the  1952  Spray  Experiments 


Mixture 
Number 

Ingredients 

Concentration 

in  Pounds 

Per  100  Gallons 

1 

Zineb    (Zin.)    plus  methoxychlor    (meth.)* 

2.5-2 

2 

Zin.  plus  DDT** 

2.5-4 

3 

Zin.  plus  rotenone    (rote.) 

2.5-4 

4 

Zin.  plus  malathion   (mala.) 

2.5-2 

5 

Zin.  plus  meth.  plus  mala. 

2.5-2-2 

6 

Zin.  plus  DDT  plus  mala. 

2.5-4-2 

7 

Zin.  plus  rote,  plus  mala. 

2.5-4-2 

8 

Zin. 

2.5 

*The '  abbreviations    given    in    parentheses    following    each    pesticide    name    are    used    in 
the  following  tables  and  text. 

**A  25  per  cent  wettable  DDT  powder  was  used. 


Table  2.     Pesticide  Combinations  and  Concentrations  Used  in  the 

1953  Spray  Tests 


Mixture 
Number 

Ingredients* 

Concentration*  * 

in  Pounds 
Per  100  Gallons 

1 

Zin.  plus  meth.  plus  mala. 

2-2-2% 

2 

Zin.   plus  DDTf   plus  mala. 

2-2-2% 

3 

Zin.   plus  mala. 

2-2y2 

4 

Maneb  (man.)  plus  meth.  plus  mala. 

2-2-2% 

5 

Man.  plus  DDT  plus  mala. 

2-2-21/2 

6 

Captan   (cap.)    plus  meth.  plus  mala. 

2-2-21/2 

7 

Cap.'  plus  DDT  plus  mala. 

2-2-2% 

8 

Meth.  plus  mala. 

2-2% 

9 

Zin. 

2 

10 

Control    (No   Spray) 

*A  household  detergent    (Dreft)    was   used   at  the  rate   of  one   level   tablespoon   per   10 
gallons  of  water  in  all   spray  mixtures. 

**The  concentration  of  zineb  was  lowered  from  2%  to  2  pounds,  while  that  of  malathion 
was  increased  from  2  to  2%   pounds  in  1953. 

tA  50  per  cent  wettable  DDT  powder  was  used  in  the  1953  experiments. 


Table  3.  Combination  and  Concentration  of  Pesticides  Used 
in  the  1953  Dust  Experiments 


Mixture 
Number 

Active  Ingredients 

Per  cent 

Active 
Ingredients 

Diluent 

1 
2 

4 
5 
6 

Zin.    plus    meth.    plus    mala. 
Zin.  plus  DDT  plus  mala. 
Zin.   plus   mala. 
Zin.    plus   meth.    plus   mala. 
Zin.    plus   meth.    plus   mala. 
Control   (No  Treatment) 

6.5-5-4 

6.5-5-4 

6.5-4 

3.9-5-4 

6.5-5-4 

Pyrophyllite 
Pyrophyllite 
Pyrophyllite 
Pyrophyllite 
Attaclay 

adult  injury,  30  leaflets  collected  at  random  from  the  row  were  removed 
from  the  plant  and  the  feeding  points  were  counted.  These  first  counts 
were  made  before  the  eggs  hatched.  To  evaluate  the  larval  population, 
total  specimen  counts  were  made  on  each  row.  In  1953,  counts  of 
adults,  larvae,  and  egg  masses  were  made  from  ten  plants  located  at 
intervals  of  three  feet  along  the  row;  the  counts  were  converted  to 
number  of  each  stage  per  plant. 

Counts  of  the  aphid,  Macrosiphum  solanifolii  (Ashmead)  on  toma- 
toes were  made  from  210  leaflets  from  each  replicate  (three  sets  of  seven 
terminal  leaflets  per  plant).  Aphid  counts  in  1952  on  cucumber  were 
made  from  twenty  leaves  from  each  replicate.  Aphid  counts  were  not 
made  in  1953  since  these  insects  were  not  present  in  sufficient  numbers. 

The  two-spotted  mite,  Tetranychus  bimaculatus  Harvey,  caused 
injury  on  beans  and  cucumbers  in  1952.  Two-spotted  mite  injury  on 
cucumber  was  determined  by  counting  all  the  mites  per  square  inch  of 
leaf  surface  on  200  leaves  from  each  row.  Mite  counts  were  not  made 
in  1953  because  of  extremely  light  infestation. 

In  1952  injury  caused  by  the  imported  cabbage  worm,  Pieris  rapae 
(L.),  was  determined  by  counting  the  holes  present  at  harvest  time  in 
the  leaves  from  the  twenty  heads  in  each  row.  In  1953  imported  cabbage 
worms  and  cabbage  loopers,  Trichoplusia  ni  (Hbn.)  on  five  plants  at 
3-foot  intervals  in  the  row  were  counted  and  the  mean  number  per 
plant  was  computed. 

Percentage  defoliation  was  determined  (3)  from  potato  and  tomato 
plots  to  measure  the  combined  effects  of  early  blight  (Alternaria  solani), 
late  blight  (Phytophthora  infestans),  potato  flea-beetle  injury,  and  potato 
leafhopper  injury.  The  amount  of  tomato  fruit  rot  was  recorded  at 
each  harvest,  and  the  total  fruit  rot  percentage  determined. 

Although  Golden  Cross  Bantam  sweet  corn  is  resistant  to  bacterial 
wilt  (Bacterium  stewartii),  some  wilt  developed  in  the  young  seedlings. 
Also,  considerable  necrosis  of  leaves  was  noted  on  mature  plants  as  a 
combined  action  of  the  corn  flea  beetle,  Ghaetocnema  pulicaria  Welsh., 
and  the  resistant  reaction  of  the  foliage  to  the  wilt  pathogen.  On  this 
basis  the  percentages  of  wilted  plants  and  of  leaf  necrosis  were  determined. 
In  determining  the  percentage  of  leaf  necrosis,  the  terminal  eight  inches 
of  ten  leaves  collected  at  3-foot  intervals  from  the  base  of  the  lowest  ear 
were  examined  and  the  percentage  of  necrosis  recorded  after  the  method 
of  Horsfall  and  Barratt    (3). 

In  rating  cucumber  foliage  for  severity  of  anthracnose  (Colleto- 
trichum  lagenarium)  a  disease  index  of  from  1  to  4  was  established. 
Vines  showing  no  anthracnose  were  placed  in  class  1;  those  showing  but 
a  few  lesions  were   placed  in   class   2;    those  with   a   large   number  of 


lesions  in  class  3;  and  those  with  leaves  necrotic  and  dying  due  to  a 
coalescing  of  lesions  were  placed  in  class  4.  The  readings  from  the 
individual  vines  were  averaged  to  determine  an  index  for  the  entire 
row. 

Tomatoes,  beans,  and  cucumbers  were  harvested  several  times  week- 
ly and  the  weights  in  pounds  per  plot  were  recorded.  At  the  end  of  har- 
vest the  weights  were  totaled  and  converted  to  tons  per  acre.  The  cab- 
bage heads  were  harvested  when  mature  and  their  weights  were  totaled 
and  converted  to  tons  per  acre.  The  lettuce  heads  were  harvested  when 
mature  and  yield  recorded  as  mean  weight  per  head  and  mean  number 
of  heads  per  plot.  Sweet  corn  ears  were  harvested  when  mature  and 
their  mean  weights  per  plot  were  converted  to  tons  per  acre.  The 
potatoes  were  dug  and  graded  and  the  total  yields  and  yields  of  U.S. 
No.  1  tubers  were  converted  to  bushels  per  acre.  Because  of  poor 
growth  and  uneven  stand,  onion  yield  was  not  measured.  All  yield 
data,  insect  population  counts,  estimates  of  damage  and  disease  data 
were  subjected  to  analysis  of  variance. 


Experimental  Results 

1952  Experiments 

Potato  (Tables  4  and  5)— Leafhoppers  and  flea  beetles  were  con- 
trolled best  by  spray  mixtures  containing  either  DDT  or  methoxychlor. 
Though  Turner  and  Woodruff  (5)  observed  that  DDT  gave  better  con- 
trol of  flea  beetles  than  did  methoxychlor,  no  difference  was  observed 
in  the  West  Virginia  experiments.  Rotenone  gave  adequate  control  of 
flea  beetles,  but  control  was  not  equivalent  to  that  given  by  DDT  or 
methoxychlor;  rotenone  gave  no  control  of  leafhoppers.  Malathion 
gave  partial  control  of  leafhoppers,  but  no  control  of  flea  beetles.  The 
addition  of  malathion  to  mixtures  containing  either  DDT,  methoxychlor, 
or  rotenone,  neither  improved  nor  impaired  their  efficiency  in  flea- 
beetle  and  leafhopper  control.  The  plots  sprayed  with  a  mixture  con- 
taining methoxychlor  and  malathion  gave  highest  yield,  but  this  was 
not  significantly  higher  than  that  from  the  control  plot. 

Tomato  (Tables  4  and  5)— Spray  mixtures  containing  malathion  or 
rotenone  gave  satisfactory  control  of  aphids  on  tomato.  DDT  and 
methoxychlor  sprays  gave  no  control  of  aphids;  in  fact,  the  aphid 
populations  were  twice  that  of  the  control  plot,  probably  due  to  the 
fact  that  the  number  of  predators1  was  reduced  by   these  insecticides. 

iLarvae   of    Diptera    (Syrphidae)    and    Coleoptera    (Coccinellidae). 


z 

o 

H 
< 
U 

J 
Ph 
Ph 

< 

>H 

< 

- 


O 

u 

w 

Q 


Ph 

<: 

w 
> 

w 

1/3 

H 

a 

H 

O 

z 

CO 
CM 

m 

Of 
O 

go 

H 
J 

co 

W 

o 

Pi 

H 
Z 

o 
u 


w 
1-1 

pa 
< 

h 


o 

< 
PQ 

h  9  S  S  o 

*    M    S    m    3 

■*    CN 

CN 

oc 

rH 

rH             rH 

CO 

co 

■* 

lO    N    00    0)           00 

CM           t- 

CO 

in  CM 

CQ 

rH 

rH 

rH      CO 

< 

o 

M        ffi 

J              o 

«  ^  £  e 

w   p3   w   15 

t? 

S 

CM    Oi 

o  in  oo  Ci  -#        oo 

oo        m 

CD 

O   t>    h    J 

■__     rH             rH     CO            rH 
S 

CM 

CO 

o  co 

rH    rH 

<;        Z  Ph 

Ph 

tf 

m      M 

H 

H 
pq 

o 

Ph    £    fe    9 

<n  in  in  in        co 

cxi  cd  co  o        o 

rH 

in        t- 

CM            00 

o 
oo 

rH    m 

!= 

r=5 

O 

„     fa 

2    «! 

O    H 

in  t- 

£^ 

rH     CO    N    rH             CM 

r^   in 

rH             r- 

OS 
CM 

CO    OS 

ft    K 

rH 

co  ■* 

«J    H 

Ph 

Fh    £ 

H 

•4  q 

co  m 

H 

>  Pi 

O    -*H    rH    <M            O 

CM           C 

H 

« 

CM 

05 

c-  t> 

PQ 

<!    W 

CM    CO 

55 

J    ft1 

CO 

z 

<! 

H 

pq 

H 

m 

is 
< 

S    g    -           | 

£  s  §  g  g 

Q    H    o    &    1 

co  ^  t-  co      •  o 

-*           CC 

in 

t-  oo 

CO    i-i 

z 

rH    CM             rH             rH 

rH 

CM 

rH 

^^  a 

P5 

sin 

fH      H      H 

CO 

O    T«    rH   OJ    in            T-t 

co        cc 

t- 

«    CO 

H    Eh    H 
§    25    <1 

5_  in  oo  co  co        i-i 

co        tu- 

in 

S  Z 

CD 

CO 

hh    B 

Ch 

o 

"2    >> 
00   O    £h    |S 

E-i 

o 

0  tH    k    o 

S  g  §  g 

CD    ®    CD    CO            CI 
CM    N 

rn         CO 

CM 

rH 

o  o 

CO    r-i 

co  oo 

rH    rH 

M 

.        H       H      M 

<  1  *  s 

00    rH 

H    H    CO    E 

CM    rH     00    rH             CO 

1-           CN 

Oi 

3   w   w  3 

fe,    H    J    a 
m    o  J 
X 

ri    H    N    t- 

rH             CO 

oo 

O    00 

o 

CM    CM 

En 

< 
En 

O 

„    G          >-l 

Ph 

.    «  h  ™  3  - 

,      H    u    H    a 

5  *  <  >  ffi 

CM    rH    O    ■*             OS 

■*             0 

CM 

CD   CD 

3   ft   s   -<  w 

^    O    g    H    « 

1-1  a  5  J  w 

rH    rH    -*    f.] 

rH             CV 

Ttl 

CO    CO 
rH    rH 

w 

c 

H    B 

O 

0    2 

O 

o   ft  c 

1 

I- 

rH 

oo    <j 

>> 

8  3       , 

3  ^3    <p  ^ 

.Q 

n    05    03 

bi  t-<  &> 

Ph     « 

55        5  ^a   ><   o! 

ft  ^    o    cc 

O    3 

m 

Eh 

O             r-    -u     O     3 
J3    f^     CD    JS    ^3    —• 

C9    Q      o     ^     »     " 

r         13       3     7^ 

Eh    a  £    ? 
0    9    o    £ 

i  5 

J 

s  e 

PC 

? 

§ 

Q       P4 

o 

Table  5. 


Yields  of  Garden  Crops  in   1952  Sprayed  With  Different 
Pesticide  Mixtures 


Pesticide 
Treatment* 

POTATO 
Bushels 
per  Acre 
US  No.  1 

TOMATO 
Salable 
Fruit — 

Tons  per 
Acre 

GREEN 

BEANS 
Bushels 
per  Acre 

CUCUMBER 

Tons  per 

Acre 

CABBAGE 

Tons  per 

Acre 

Meth 

180 

13.2 

338 

31 

6.9 

DDT     

171 

12.8 

339 

36 

7.8 

Rote 

128 

16.1 
13.0 
13.8 

318 
411 
421 

37 
24 
41 

5.7 
6.0 
6.2 

M'ala 

136 

Meth.  plus  mala 

213 

DDT  plus  mala 

160 

13.1 

352 

38 

7.3 

Rote,  plus  mala 

173 

15.8 

375 

26 

6.5 

Control 

(Zineb  only)    

151 

11.9 

297 

22 

6.2 

LSD 

19  :1     

NS 

NS 

NS 

12.3 

NS 

99  :1 

NS 

NS 

NS 

NS 

NS 

*Zineb    used    in    all    treatments. 

Although  differences  in  the  yield  data  were  non-significant,  highest 
yields  of  tomatoes  were  obtained  from  plots  sprayed  with  zineb-rotenone 
or  zineb-rotenone  plus  malathion  mixtures. 

Green  Bean  (Tables  4  and  5)— The  Mexican  bean  beetle  was  effec- 
tively controlled  by  rotenone  and  by  malathion.  Best  control  resulted 
from  the  use  of  rotenone  or  a  rotenone-malathion  mixture.  The  mixture 
containing  methoxychlor  and  malathion  gave  a  degree  of  control  equal 
to  that  of  rotenone.  Neither  methoxychlor  nor  DDT  were  effective  in 
killing  the  adult  Mexican  bean  beetle;  however,  the  larvae  were  killed 
by  methoxychlor,  rotenone,  and  malathion.  DDT,  when  used  alone, 
reduced  the  larval  populations,  but  control  was  significantly  poorer  than 
that  resulting  from  the  use  of  the  other  three  insecticides.  Some  control 
of  the  two-spotted  mite  was  given  by  rotenone  and  malathion,  but  except 
for  that  given  by  the  zineb-methoxychlor-malathion  mixture  the  mite 
population  differences  were  non-significant  when  compared  with  the 
population  on  the  control  plots.  The  highest  yield  of  green  beans  was 
obtained  from  plots  sprayed  with  the  zineb-methoxychlor-malathion 
mixture. 

Cucumber  (Tables  4  and  5)— Mite  infestations  on  encumber  plants 
were  satisfactorily  controlled  by  sprays  containing  zineb-malathion  or 
zineb-malathion-methoxychlor.  The  mite  populations  on  the  plots 
spiayed  with  zineb-DDT  were  twice  that  of  the  control.  Control  of  the 
aphid,  Aphis  gossypii  Glover,  on  encumber  was  excellent  when  plots 
were  sprayed  with  zineb-rotenone,  zineb-malathion,  or  mixtures  con- 
taining one  of  these  insecticides.  The  aphid  populations  on  plots  sprayed 


with  zineb-DDT  or  zineb-methoxychlor  alone  were  from  two  to  four  times 
as  great  as  those  on  the  control  plots.  Control  of  the  cucumber  beetles, 
as  evidenced  by  the  incidence  of  bacterial  wilt,  was  best  in  plots  sprayed 
with  zineb-DDT  or  zineb-DDT-malathion.  Methoxychlor  and  rotenone 
sprays  gave  fair  control  of  bacterial  wilt,  and  malathion  alone  gave  no 
control.  Highest  yields  were  obtained  from  plots  sprayed  with  the  zineb- 
methoxychlor-malathion  mixture.  The  zineb-rotenone,  zineb-DDT  and 
zineb-DDT-malathion  sprayed  plots  also  gave  yields  significantly  higher 
than  those  of  the  check  plots. 

Cabbage  (Tables  4  and  5)— The  imported  cabbage  worm  was  the 
only  insect  pest  on  cabbage  abundant  enough  to  warrant  damage  esti- 
mates. Zineb-DDT  or  zineb-DDT  in  combination  with  malathion  gave 
best  control.  The  sprays  containing  rotenone,  malathion,  methoxychlor- 
malathion,  or  rotenone-malathion  gave  only  fair  control  when  compared 
with  that  given  by  DDT.  Because  of  the  waxy  nature  of  cabbage  leaves, 
a  spreader  is  needed  to  obtain  best  control  with  these  materials;  in  the 
1952  experiments  none  was  used.  The  yield  differences  between  treat- 
ments were  not  significant;  although  plots  sprayed  with  zineb-DDT  or 
zineb-DDT-malathion  produced  highest  yields. 

Summary  of  the  1952  results— To  obtain  a  measure  of  the  over-all 
effectiveness,  the  different  pesticide  combinations  were  ranked  from  1 
to  4  (best  to  poorest),  based  on  their  performance  on  each  of  the  five 
vegetable  crops.  To  obtain  the  insect  control  rank  on  a  given  crop,  the 
control  of  each  species  of  pest  and  yield  of  the  crop  were  evaluated 
separately  and  their  sums  were  used  to  determine  the  performance  rank 
of  each  pesticide  combination  on  that  crop.  The  summary  of  the  ranks 
of  the  pesticides  on  the  five  crops,  given  in  Table  6,  shows  that  the  zineb- 

Table  6.     Summary  of  the  Effectiveness  of  Different  Pesticide 
Combinations  Used  in  1952 


Pesticide* 

Rank 

of  Effectiveness 

Summary 

Treatment 

Potato 

Tomato 

Bean 

Cucumber 

Cabbage 

of  Ranks 

Methoxychlor     ...- 

2 

4 

3 

3 

3 

15 

DDT             

2 
4 

3 

1 

4 
2 

2 

1 
3 

13 

12 

Malathion    

4 

2 

2 

3 

4 

15 

Methoxychlor 

plus  malathion 

1 

2 

1 

1 

2 

7 

DDT    plus 

malathion    

2 

2 

2 

1 

1 

8 

Rotenone  plus 

malathion    

3 

1 

1 

3 

2 

10 

Zineb    (No 

insecticide 

4 

3 

4 

4 

4 

19 

"Zineb  was  used  in  combination  with  all   insecticide  mixtures 

10 


methoxychlor-malathion   and   zineb-DDT-malathion   combinations   gave 
the  best  results  in  1952. 

1953  Results 

The  results  of  the  1953  experiments  are  divided  into  two  parts- 
results  from  the  spray  trials  and  those  from  the  dust  trials.  The  data 
from  these  experiments  have  been  condensed  into  six  tables.  Tables 
7,  8,  9,  and  10  show  the  effect  of  the  spray  and  dust  combinations  in 
control  of  insect  and  diseases  prevalent  on  the  nine  crops;  Tables  11 
and  12  present  yields  of  the  crops. 

Potato— Spray  mixtures  containing  either  methoxychlor  or  DDT 
gave  good  control  of  the  potato  flea  beetle  and  leafhopper.  Slight,  but 
unsatisfactory,  control  was  obtained  when  malathion  alone  was  used  as 
the  insecticide.  Leafhoppers  were  controlled  a  little  better  by  mixtures 
containing  methoxychlor  than  by  those  containing  DDT.  Defoliation 
due  to  the  combined  effects  of  early  blight,  late  blight,  flea-beetle  injury, 
and  leafhopper  injury  was  effectively  controlled  by  the  zineb-methoxy- 
chlor-malathion,  zineb-DDT-malathion,  maneb-methoxychlor-malathion, 
and  maneb-DDT-malathion  mixtures.  Early  blight  control  was  re- 
duced when  captan  was  used  as  the  fungicide.  Defoliation  was  greater 
when  the  insecticide  was  omitted  from  the  mixture  than  it  was  when 
the  fungicide  was  omitted,  indicating  that  in  1953,  insects  were  more 
destructive  on  potatoes  than  were  diseases.  The  highest  yield  of  potatoes 
was  from  the  zineb-methoxychlor-malathion  spray  plot;  there  was  no 
significant  difference,  however,  in  this  yield  and  that  from  the  zineb- 
DDT-malathion,  maneb-methoxychlor-malathion,  maneb-DDT-mala- 
thion, captan-methoxychlor-malathion,  and  captan-DDT-malathion 
sprayed  plots.  Yields  were  reduced  when  either  the  fungicide,  insecti- 
cide, or  both  were  omitted. 

Good  control  of  flea  beetles,  leafhoppers,  and  defoliation  was  also 
obtained  in  the  dust  experiments  from  the  zineb-methoxychlor-mala- 
thion and  zineb-DDT-malathion  mixtures.  A  decrease  in  leafhopper 
control  and  a  consequent  decrease  in  defoliation  control  occurred 
when  the  zineb-malathion  dust  mixture  (without  methoxychlor) 
was  used.  The  reduction  of  zineb  concentration  from  6.5  to  3.9 
per  cent  did  not  reduce  the  efficiency  of  the  zineb-methoxychlor- 
malathion  dust  on  potatoes;  in  fact,  highest  yields  were  obtained  from 
plots  treated  with  this  mixture.  A  slight  reduction  in  flea-beetle  control 
and  yield  was  observed  when  attaclay  was  used  as  a  diluent  in  place  of 
pyrophyllite. 

Tomato- -There  were  no  serious  insect  pests  in  the  tomato  plots  in 
1953;  even  those  commonly  found  on  tomato  plants  were  not  present 
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in  numbers  sufficient  to  warrant  population  counts  or  the  evaluation  of 
feeding  damage.  Early  blight  was  responsible  for  most  of  the  damage, 
although  there  was  some  late  blight  present.  There  were  no  significant 
differences  between  the  dust  or  spray  mixtures  with  respect  to  fruit  rot 
and  total  yield.  The  combinations  containing  either  zineb  or  maneb 
gave  the  best  control  of  defoliation  by  the  early  blight  fungus. 

Green  Beans  and  Lima  Beans— Green  and  lima  bean  plants  were 
damaged  mainly  by  Mexican  bean  beetles.  All  spray  and  dust  mixtures 
containing  malathion  gave  excellent  control  of  this  pest.  As  the  popu- 
lation counts  show,  Mexican  bean  beetles  were  abundant  only  on  plots 
that  were  sprayed  with  zineb  only  and  on  the  control  plots  that  received 
no  treatment.  None  of  the  three  different  fungicides  had  any  apparent 
effect  on  yields.  There  was  a  slight  depression  in  yield  from  plots 
treated  with  combinations  containing  DDT.  Since  there  was  no  obvious 
difference  in  insect  control  between  mixtures  containing  DDT  and 
those  containing  methoxychlor,  it  is  possible  that  DDT  is  slightly  in- 
jurious to  bean  plants.  No  evidence  of  phytotoxicity  could  be  seen, 
however,  other  than  the  lower  yield. 

Cucumber— The  spotted  and  striped  cucumber  beetles,  the  associated 
bacterial  wilt,  and  anthracnose  were  the  principal  pests  on  cucumber. 
In  general,  bacterial  wilt  control  was  best  on  plots  sprayed  or  dusted  with 
mixtures  containing  DDT.  Malathion  gave  poor  control  of  cucumber 
beetles  and  a  corresponding  poor  control  of  wilt.  There  was  little  differ- 
ence between  the  three  fungicides  in  degree  of  bacterial  wilt  control.  It 
should  be  noted,  however,  that  the  presence  of  a  fungicide  in  the  mix- 
tures, in  most  cases,  gave  a  slight  reduction  in  the  incidence  of  bacterial 
wilt  when  compared  with  that  present  in  the  control  plots.  Plots  sprayed 
or  dusted  with  the  zineb-DDT-malathion  mixture  produced  the  highest 
yields  and  best  control  of  bacterial  wilt  and  cucumber  beetles.  Incidence 
of  anthracnose  was  less  in  plots  sprayed  with  mixtures  containing  either 
zineb  or  maneb;  maneb  apparently  controlled  the  disease  a  little 
more  effectively  than  zineb. 

Cabbage— The  imported  cabbage  worm  and  the  cabbage  looper 
were  the  only  pests  that  damaged  cabbage  plants.  They  were  effectively 
controlled  on  all  spray  or  dust  plots  except  the  controls  and  those  re- 
ceiving zineb  alone.  Even  though  the  yield  showed  no  significant  dif- 
ference between  treatments,  the  heads  harvested  from  the  control  plots 
and  those  receiving  zineb  alone  were  severely  damagd  by  the  feeding  of 
these  insects. 

Sweet  corn— The  corn  flea  beetle  and  corn  earworm  were  respon- 
sible for  most  of  the  damage  to  sweet  corn.  Although  the  bacterial  wilt 
resistant  variety,  Golden  Cross  Bantam,  was  used  in  these  experiments, 
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some  wilt  developed.  Most  of  the  damage  occurred  as  small  leaf  lesions 
that  developed  around  flea  beetle  feeding  wounds.  There  was  no  signifi- 
cant difference  between  treatments  in  control  of  the  wilt  phase  of  the 
disease  which  developed  on  some  young  corn  seedlings.  Spray  or  dust 
mixtures  containing  either  methoxychlor  or  DDT  effectively  controlled 
leaf  necrosis  due  to  the  combined  action  of  flea-beetle  feeding  and 
bacterial  wilt.  Leaf  necrosis  was  not  controlled  by  the  zineb-malathion 
mixture  or  by  zineb  alone.  Thus  the  fungicides  had  no  effect  upon  the 
severity  of  the  leaf  necrosis.  No  treatment  designed  specifically  to 
control  the  corn  ear  worm  was  included  in  these  experiments.  Heavy 
rains  prevented  applications  of  pesticides  during  the  week  that  corn 
was  in  silk.  Even  though  there  were  routine  weekly  applications  of 
spray  or  dust  materials  at  other  times,  no  control  was  obtained.  This 
confirms  conclusions  of  other  workers  that  special  applications  during 
the  silking  period  are  needed  for  best  control  of  this  pest.  Although 
the  highest  yield  was  obtained  from  the  zineb-methoxychlor-malathion 
mixture,  the  difference  between  this  yield  and  that  from  the  control  plot 
was  not  significant. 

Head  Lettuce— Aster  yellows  and  bottom  rot  (Pellicularia  fdamen- 
tosa)  were  responsible  for  most  of  the  damage  to  head  lettuce.  The  per- 
centage of  plants  infected  with  aster  yellows  was  interpreted  as  being 
directly  correlated  with  the  incidence  of  the  six-spotted  leafhopper, 
Macrosteles  divisus  (Uhl.).  There  were  no  significant  differences  among 
the  different  spray  or  dust  combinations  in  either  pest  control  or  crop 
yield. 

Onion— The  only  pest  causing  damage  to  onions  in  1953  was  the 
onion  thrips,  Thrips  tabaci  Lind.  The  onion  sets  were  planted  a  month 
late  for  the  Tygart  Valley  area.  Because  of  this  and  early  high  tempera- 
tures, irregular  stands  and  poor  growth  resulted.  Consequently,  no 
attempt  was  made  to  obtain  onion  yields,  but  the  plants  were  left  for 
the  purpose  of  evaluating  thrips  control.  The  data  show  that  this 
insect  was  controlled  by  spray  or  dust  mixtures  containing  either  DDT 
or  methoxychlor  with  perhaps  slightly  better  results  from  DDT.  Mala- 
thion  gave  little  or  no  control;  however,  zineb  apparently  had  some 
repellant  action. 

Summary  of  the  1953  results- -To  obtain  a  summary  of  the  1953 
performance  of  the  different  spray  and  dust  mixtures  on  the  nine  vege- 
table crops,  the  different  pesticide  combinations  were  again  ranked  from 
1  to  4.  The  ranks  of  the  spray  mixtures  are  summarized  in  Table  13, 
and  those  of  the  dust  mixtures  in  Table  14.  The  spray  data  show  that 
the  zineb-methoxychlor-malathion,  zineb-DDT-malathion,  maneb- 
methoxychlor-malathion,     and    maneb-DDT-malathion    mixtures    gave 
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best  general  control.  The  dust  data  also  show  that  the  zineb-methoxy- 
chlor-malathion  and  the  zineb-DDT-malathion  mixtures  were  most  ef- 
fective in  pest  control.  The  mixture  with  malathion  as  the  only  insecti- 
cide was  inferior  because  of  inadequate  control  of  flea-beetles,  leaf- 
hoppers,  and  cucumber  beetles.  The  mixtures  containing  captan  were 
inferior  due  to  their  inadequate  control  of  early  blight  and  cucumber 
anthracnose. 


Discussion 

In  general,  the  early  parts  of  the  1952  and  1953  growing  seasons, 
with  respect  to  moisture  and  temperature,  were  normal  for  the  region. 
From  the  middle  to  the  end  of  the  growing  season  climatic  conditions 
were  hot  and  dry  both  years.  Early  in  the  growing  season  of  1952, 
aphids,  Brevicoryne  brassicae  (Linne.)  and  Rhopalosiphum  pseudobras- 
sicae  (Davis),  began  to  appear  on  cabbage,  beans,  and  potato  plants. 
These  forms  disappeared  with  the  advent  of  the  hot,  dry  weather. 
Potato  flea  beetles  were  observed  early  in  the  season  on  tomatoes,  but 
they  caused  little  damage.  Tomato  hornworm,  Protoparce  quinque- 
maculata  (Haw.),  and  tomato  fruit  worm,  Heliothus  armigera  (Hbn.), 
were  present  in  small  numbers  on  tomatoes.  They  caused  no  appreciable 
damage.  The  cabbage  looper,  Trichoplusia  ni  (Hbn.),  was  present  on 
cabbage  plants,  but  was  much  less  numerous  than  the  imported  cabbage 
worm.  The  harlequin  bug,  Murgantia  histronica  (Hahn),  was  scarce  on 
cabbage. 

Early  in  June,  1953,  the  Colorado  potato  beetle,  Leptinotarsa 
decimlineata  (Say),  was  present  in  small  numbers  on  potato  plants,  but 
it  was  never  numerous  enough  to  justify  population  counts.  The  spotted 
cucumber  beetles  fed  on  potato  leaves  before  cucumber  foliage  was 
available;  this  feeding  period  was  brief  and  little  damage  resulted  from  it. 
In  the  bean  plots,  particularly  green  beans,  several  species  of  leafhoppers, 
principally  Empoasca  fabae  (Harris),  were  intermittently  prevalent  and 
there  was  evidence  of  their  feeding,  though  the  damage  was  not  sufficient 
to  warrant  evaluation.  Early  in  the  growing  season  there  was  some 
damage  to  young  head  lettuce  plants  caused  by  onion  thrips,  aphids, 
Myzu.s  persicae  (Sulzer),  the  pale-striped  flea  beetle,  Systena  blanda 
Melsh.,  and  the  meadow  spittle  bug,  Philaneus  leucophthalmus  (L.), 
but  these  insects  disappeared  as  soon  as  control  operations  were  started. 
In  September,  after  control  operations  were  discontinued,  large  popula- 
tions of  the  two-spotted  mite,  Tetranychus  bimaculatus  Harvey,  appeared 
on  lima  bean  and  cucumber  foliage. 
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The  data  from  the  1952  tests  show  that  certain  insecticides  were 
rather  specific  in  their  action  in  controlling  certain  insects.  DDT  gave 
better  control  of  the  imported  cabbage  worm  and  of  the  cucumber 
beetles  than  did  any  of  the  other  insecticides.  Rotenone  controlled 
the  Mexican  bean  beetle  better  than  did  methoxychlor  and  malathion. 
The  methoxychlor-malathion  mixture  gave  control  almost  equal  to  that 
of  rotenone.  Malathion  and  rotenone  gave  the  best  aphid  control. 
There  was  no  apparent  evidence  of  toxicity  to  plants  from  any  of  the 
spray  mixtures,  although  Cullinan  (1)  observed  that  DDT  will  retard 
growth  of  certain  plants  without  causing  other  obvious  symptoms.  The 
summary  of  the  l-to-4  ranks  of  the  1952  insecticide  treatments  presented 
in  Table  7  show  that  it  is  difficult  to  formulate  a  general-purpose  pesti- 
cide that  will  give  best  control  for  all  pests  concerned.  The  data 
indicate,  however,  that  it  is  possible  to  formulate  a  pesticide  mixture 
that  will  gi\e  adequate  control  of  most  of  those  garden  pests  that  can 
be  controlled  by  spraying  or  dusting  the  foliage. 

As  a  result  of  the  1952  spray  trials,  the  zineb-methoxychlor-malathion 
and  the  zineb-DDT-malathion  combinations  were  selected  as  basic  for- 
mulations for  further  studies  towards  the  development  of  an  improved 
general-purpose  pesticide  mixture.  Both  spray  and  dust  trials  were  con- 
ducted in  1953.  The  dust  trials  were  necessary  to  determine  if  the  pesti- 
cides were  effective  in  dust  form  and  to  learn  about  the  effect  of  the  dilu- 
ent and  reduced  zineb  concentration  on  performance  of  the  dust  mixtures. 
The  1953  spray  trials  were  designed  to  continue  the  study  of  the  perform- 
ance of  the  zineb-methoxychlor-malathion  and  zineb-DDT-malathion 
mixtures  and  to  compare  the  effectiveness  of  other  fungicides  with  that  of 
zineb.  The  1953  data  presented  in  the  preceding  tables  also  show  that  cer- 
tain pesitcides  are  specific  in  pest  control.  For  instance,  DDT  gave  better 
control  of  cucumber  beetles  and  resultant  bacterial  wilt  of  cucumber,  than 
did  methoxychlor.  It  can  also  be  seen  that  malathion  gave  the  best  control 
of  the  Mexican  bean  beetle,  but  was  relatively  ineffective  in  the  control 
of  flea  beetles  and  leafhoppers.  Although  methoxychlor  did  not  con- 
trol the  imported  cabbage  worm  in  1952  as  well  as  DDT,  no  difference 
in  control  by  mixtures  containing  these  two  insecticides  could  be  seen 
in  1953.  The  25  per  cent  wettable  DDT  powder  used  in  1952  possibly 
gave  a  greater  degree  of  wetting  than  did  the  50  per  cent  methoxychlor 
powder.  A  wetting  agent  was  used  in  all  of  the  1953  spray  tests.  There 
was  comparable  effectiveness  in  disease  control  by  the  fungicides  zineb 
and  maneb;  captan  proved  inferior  to  either  of  these  in  potato  and 
tomato  early  blight  and  cucumber  anthracnose  control. 

Aphids  and  mites  did  not  build  up  in  sufficient  numbers  to  warrant 
population  counts  in  1953.     The  1952  data,  however,  show  that  mala- 
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thion  gave  excellent  control  of  aphids  on  tomatoes  and  cucumbers  and 
fair  control  of  mites  on  green  beans  and  cucumber.     It  was  observed  in 

1952  that  it  was  difficult  to  secure  good  coverage  on  the  underneath  sur- 
face of  leaves  with  the  single-nozzle  hand  gun.  This  may  account  for 
limited  control  of  mites  during  that  year.  Much  better  coverage  was 
obtained  in  1953  when  a  three-nozzle  boom  was  used  and  a  wetting  agent 
added  to  the  spray  mixture.  Also,  the  concentration  of  malathion  was 
increased  from  2  pounds  to  2.5  pounds  per  hundred  gallons.  The  rapid 
increase  in  mite  population  in  September  on  lima  bean  foliage  after 
spray  applications  were  discontinued  suggests  that  mites  were  effectively 
controlled  by  malathion.  The  lima  bean  plants  not  sprayed  or  dusted 
with  malathion  were  so  severely  damaged  by  Mexican  bean  beetles  that 
it  was  impossible  to  determine  if  mites  were  previously  present. 

Although  the  pesticides  show  some  specificity  in  pest  control,   the 

1953  summary  data  in  Tables  13  and  14  confirm  the  1952  results  in 
that  it  is  possible  to  formulate  insecticide-fungicide  combinations  that 
will  give  good  control  of  all  the  major  foliage  pests  encountered  in  a 
vegetable  garden.  The  data  reported  here  show  that  the  zineb-methoxy- 
chlor-malathion,  zineb-DDT-malathion,  maneb-methoxychlor-malathion, 
pr  maneb-DDT-malathion  combinations  will  provide  good  control.  Since 
there  is  still  some  question  as  to  the  status  of  DDT  in  regard  to  plant  and 
rmman  toxicity,  and  since  maneb,  a  relatively  new  fungicide,  is  no  more 
infective  than  zineb  in  disease  control  and  still  considerably  more  expen- 
sive, it  is  concluded  that  the  zineb-methoxychlor-malathion  combination 
Lvould  be  the  most  suitable  one  for  a  general-purpose  pesticide  for  the 
nome  gardener. 

The  results  from  the  dust  trials  show  that  the  zineb-methoxychloi- 
Inalathion  combination  is  also  effective  when  formulated  in  a  dust  mix- 
ture.    They  also  show  that  the  3.9  per  cent  concentration  of  zineb  was 
just  as  effective  in  early  blight  control  as  was  the  6.5  per  cent  preparation. 
The  weaker  zineb  concentration  controlled  late  blight,  but  the  disease 
vas  of  minor  importance  in   1953.     There  is  the  possibility  that  some 
>t  the  ingredients  of  the  dust  mixture  may  lose  strength  after  prolonged 
forage,  but  no  conclusive  data  have  been  obtained.     The  dust  mixtures 
Prepared  at  the  beginning  of  the  1953  growing  season  were  still  effective 
lit  the  end  of  the  season.     Further  experiments  on  the  effect  of  storage 
m  fungicidal  and  insecticidal  effectiveness  of  the  mixed  dusts   are   in 
progress. 

On  the  basis  of  tests  conducted  in   1950,  Gallegly  and  Leach    (2) 

|ecommended  that  a  mixture  of  zineb  and  methoxychlor  be  used  for 

•encral-purpose  garden  pest  control.     It  was  noted,  however,  that  this 

nixture  would  not  control  aphids,  mites  and  adult  Mexican  bean  beetles. 
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It  is  evident  from  the  results  reported  for  the  1952  and  1953  experiment^ 
that  malathion,  in  addition  to  giving  aphid  and  mite  control,  also 
improves  Mexican  bean  beetle  control.  It  is  concluded  therefore  than 
either  the  spray  mixture  number  1  (zineb-methoxychlor-malathion) 
given  in  Table  2  or  the  dust  mixture  number  4  (zineb-methoxychlor- 
malathion)  given  in  Table  3,  will  prove  to  be  satisfactory  as  a  general 
purpose  pesticide  for  the  home  gardener. 


Summary 


To  determine  the  possibility  of  developing  an  improved  general 
purpose  spray  or  dust  for  use  in  the  home  garden,  various  vegetable 
crops  were  treated  with  different  insecticide-fungicide  combinations  ir 
1952  and  1953.  During  the  1952  tests,  potato,  tomato,  green  bean,  cu 
cumber,  and  cabbage  were  sprayed  with  eight  different  combinations  o 
zineb  with  methoxychlor,  DDT,  rotenone,  and  malathion.  Since  the  195.' 
experiments  were  designed  to  determine  the  best  insecticide  combina 
tion,  the  fungicide  zineb  was  used  in  all  spray  treatments.  This  year' 
data  showed  that  the  zineb-methoxychlor-malathion  and  zineb-DDT 
malathion  combinations  were  best  for  general-purpose  control  of  potaU 
flea  beetles,  leaf  hoppers,  imported  cabbage  worms,  Mexican  bean  beetles 
aphids,  cucumber  beetles,  and  mites. 

The  latter  mixtures  served  as  a  basis  of  comparison  for  furthe 
experiments  in  1953  when  nine  different  vegetable  crops,  including  lim 
beans,  sweet  corn,  head  lettuce,  and  onions,  in  addition  to  the  five  crop 
listed  above,  were  sprayed  and  dusted  with  various  mixtures  of  th 
fungicides  zineb,  maneb,  and  captan,  and  the  insecticides  methoxychloi 
DDT,  and  malathion.  The  1953  results  show  that  the  zineb-methox) 
chlor-malathion,  zineb-DDT-malathion,  maneb-methoxychlor-mak 
thion,  and  maneb-DDT-malathion  mixtures  gave  best  general-purpos 
control  of  tomato  and  potato  early  and  late  blight  and  cucumber  ar 
thracnose.  Insects  controlled  by  these  mixtures  were  the  potato  fie 
beetle,  potato  leafhopper,  onion  thrips,  six-spotted  leafhopper,  importe 
cabbage  worm,  cabbage  looper,  Mexican  bean  beetle,  corn  flea  beetle 
and  spotted  and  striped  cucumber  beetles.  Other  insects,  incidents 
early  in  the  season,  which  disappeared  as  soon  as  control  operations  wer 
initiated,  included  the  meadow  spittlebug,  miscellaneous  leafhopper 
Colorado  potato  beetle,  and  the  pale-striped  flea  beetle. 

After  considering  pest  control  and  crop  yield  data  for  the  past  tw 
years,  the  cost  of  materials  and  the  factors  of  toxicity,  the  zineb-methox; 
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chlor-malathion  combination  is  recommended  as  a  satisfactory  general- 
i  purpose  pesticide  for  the  home  garden. 
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